Introduction
Back pain is a prevalent condition affecting approximately 80% of the population at one time or another. Current technologies focus on diagnosing spinal alterations. Only approximately 10% of back pain is diagnosable, with current diagnostic technologies. Diagnosis is the first step to determining and starting treatment.
Nine diagnostic techniques were found through reviewing scientific literature and interviewing medical personnel, each which fulfills individual requirements to diagnose spinal alterations. The techniques include discography, myelography, single-photon emission computer tomography (SPECT), computer tomography (CT), combined CT and SPECT, magnetic resonance imaging (MRI), upright and kinematic MRI, plain radiography, and cineradiography. These techniques have been investigated and compared on defined criterion. This will provide insight into currently sufficient and insufficient areas within each technique. To provide an overview, the diagnostic techniques were first classified as either invasive or noninvasive. Technologies were further separated as anatomical or physiological as seen in Figure 1 .
Assessment Parameters.
Assessment parameters to rate the techniques were developed. These parameters were selected in order to encompass patient, practitioner, and community concerns. The parameters used include time, cost, patient pain/discomfort, accessibility, accuracy/results, risks, and restrictions.
Time.
The time parameter illustrates preparation, test, recovery, and interpretation time associated with the effectiveness of each technology.
Cost.
The cost parameter encompasses multiple factors including infrastructure, training, and operating costs. Infrastructure costs represent the equipment costs. Training costs represent the expenses of training personnel (technologists/physicians/nurses) in order to perform the exam and interpret the results. Operating costs represent the expenses associated with the usage of the techniques (i.e., staff, electricity, etc.).
Patient Pain/Discomfort.
Patient pain/discomfort represents the physical pain or amount of physical or mental discomfort a patient will experience during and following the procedure.
2.3.4.
Accessibility. Accessibility represents how readily available the procedures are for citizens of different population areas. Everything from large hospitals in major urban areas to general physician offices in rural areas was considered.
Accuracy/Results.
The accuracy/results specification describes the technologies' abilities to produce valuable results when diagnosing back pain. The techniques were evaluated based on their ability to distinguish location and nature of specific alterations.
Risks.
The risk consideration provides insight into the potential dangers that patients face. These dangers include those of the actual procedure as well as future risks.
2.3.7.
Restrictions. The restrictions parameter helps quantify when each technique would be able to be used. This illustrates the limitations of each technique. Weight restrictions of operating tables are common to all techniques.
Rating Techniques.
Following the definition of parameters, the techniques were rated. A design matrix was created to illustrate the techniques ratings. Techniques were rated as good, fair, or poor relative to each other. The design matrix was not weighted, as weighting would depend on the stakeholder. All monetary values are given in Canadian dollars.
Results

Techniques.
The nine diagnostic technologies that were found through the literature review are classified in Table 2 . Following is a description of each technique.
3.1.1. Discography. Discography assesses which disk is causing a patient pain. A radio-opaque dye is injected into the suspected disk(s) followed by an X-ray which examines the disk anatomy and any dye leaks [1] [2] [3] . This procedure may be followed by a CT scan, which is able to further detect internal disk disruptions. motion of the contrast material with fluoroscopic imaging. The dye will be blocked or diverted if an abnormality is present [4, 5] . This procedure may be followed by a CT scan, which improves the diagnostic accuracy of the test.
SPECT.
SPECT is a nuclear medicine technique used for bone scans of the spine. After the injection of a radioactive tracer, technetium-99m, gamma cameras detect the energy emitted by the tracer and use this information to create pictures which record the intensity and distribution of the tracer in the tissue [6] [7] [8] [9] [10] [11] . The images provide an internal view of the body. This enables precise determination of a lesion [9, 12, 13] .
CT Scan.
CT scans use X-rays to produce multiple, cross-sectional images of the body. The images produce an internal view of the body. CT scans enable the structure of the vertebrae and the intervertebral disks to be accurately displayed. CT scans display the spine in multiple planes, with a three-dimensional imaging option available, on a computer screen [14] .
SPECT and CT.
Historically, functional and anatomical imaging techniques was done independently. Correlation of images from the different imaging techniques were done by side-by-side comparison [15] . Hardware fusion of certain techniques can overcome the inaccuracies resulting from this comparison, enabling software fusion of images [15] [16] [17] .
The diagnostic accuracy of improved localization and definition of specific lesions, resulting from the hardware fusion of SPECT with CT, is well known [15] [16] [17] . There is a software system being developed to validate the anatomical accuracy of this system [18] . A range of SPECT/CT scanners exist, commencing a from a low radiation dose four slice CT scanner being added on to a SPECT machine to a fully integrated SPECT and multidetector CT system [15, 19] . Essentially one test is performed directly after the other and the images are overlaid.
A range of SPECT/CT scanners exist, commencing a from a low-radiation dose 4-slice CT scanner being added on to a SPECT machine to a fully integrated SPECT and multidetector CT system [15, 19] . A patient receives both internal and external radiation from this system. The external dosage of radiation varies according to the CT component of the system. The internal component of radiations is quite consistent at 5.7 µSv [17] .
3.1.6. Plain Radiography. The plain radiography procedure consists of sending ionizing radiation (X-rays) through the body, which produces a one-dimensional exposed film or digital image. The different components of a body absorb different amounts of these X-rays [20, 21] . The X-ray images are seen as looking through the body. The radiation dose is approximately 20 µSv [22] .
3.1.7. MRI. MRI uses a powerful magnetic field, radio wave pulses, and a computer to generate accurate, detailed pictures of all internal body structures. MRI presents a view to physicians as though they had opened up the body. Spine MRIs allow the vertebrae and intervertebral disks as well as the spinal cord and other tissues in this area to be investigated [23] .
3.1.8. Cineradiography. Cineradiography uses fluoroscopic X-rays to record a film during patient motion. This video shows abnormalities in the spine and specifically abnormalities with spinal motion [24] . Cineradiography is used to evaluate lumbar motion in flexion and extension and to quantify this data to present normal and abnormal motion [25] [26] [27] [28] [29] [30] .
Upright and Kinematic MRI. Upright and kinematic
MRIs image a patient in a position other than the traditional recumbent position of MRI. Standing position takes into account gravitational and weight-bearing effects. A patient may be imaged in the specific position which causes pain. Though there is much information on the validity of this type of imaging [31] [32] [33] [34] [35] , there is much contradictory information on what this technology accurately diagnoses and what it is most useful for [36] . This technology is relatively new and is currently being further investigated.
Evaluation of Techniques.
Following is an evaluation of each technique according to the established assessment parameters. The technique description chronologically responds to stated assessment parameters of time, cost, patient pain/discomfort, accessibility, accuracy/results, risks, and restrictions.
Discography.
Discography is no longer commonly used [37] . The procedure takes approximately 30-45 minutes to complete, and patients are advised to have someone else drive them home and to relax for a couple days following the procedure [3, 38] . A significant amount of information is obtained during the procedure from the patient pain response [2] . The attending physician will then interpret the results.
This procedure is performed in designated special room and requires fluoroscopy equipment costing approximately $500,000 [39] . The dye injection requires a physician, and a technician will be present to operate the fluoroscopy equipment. Alberta health pays approximately $200 for this procedure [40] .
Patients may experience varying degrees of pain when the radio-opaque dye is injected into the suspected intervertebral disc(s). The patient may experience no pain, pain similar to their regular symptom, or a different pain entirely. The pain the patient experiences is useful in determining which (if any) intervertebral disc(s) is causing the patients pain [38] . Patients are required to lie on their stomach during this procedure, and this position may be uncomfortable for certain individuals.
Discography is only available in certain large hospitals that still have the equipment and staff to perform it [37, 41] .
Discography is the only available procedure which can determine precisely which disk is causing pain. Discography is able to determine if an abnormal suspect disk is the source of the patients pain or not [2] .
The disruption of a nonpainful or painful intervertebral disk carries serious risks with it. Intervertebral disks are selfcontained pressure zones, and disrupting this zone may affect the integrity of the disk and risks increasing patient pain. There is much controversy as to the use of this technique [1, 2, 42, 43] . Discography also carries the regular risks associated with invasive test, such as infection bleeding and. There is a slight risk thatthe needle will brush a nerve when it is inserted and cause persisting pain for a few days [38] .
Discography is provided as a last result to diagnose abnormal disks. Discography is only offered to patients who have already tried medications or activity recommendations to treat their problems [38] . Discography will not be performed if the patient is allergic to the injected dye or if a patient is on blood thinning medications.
Myelography.
Myelography is no longer commonly used. Myelography is normally used if a patient has an internal medical device which restricts the use of an MRI machine [5, 44] . The test takes approximately 30-60 minutes. This exam length is followed by a period of observed recovery which can last up to 4 hours. At such time the patient will be discharged and recommend to keep their head elevated above their body for 8 hours to provide time for the dye to absorb. Patients are also recommended to relax for a couple days following the procedure [4, 5] . Myelography results are sent to a physician for interpretation.
This procedure is performed in a special room and requires fluoroscopy equipment costing approximately $500,000 [39] . A physician is required to inject the contrast material into the spinal canal, and a technician is required to run the fluoroscopic X-ray equipment. Alberta health pays approximately $150 for this procedure [45] .
Patients may experience varying degrees of discomfort/pain when the contrast material is injected into the spinal canal. Prior to contrast injection, the injection site is numbed with a small needle. The contrast may cause patients to experience nausea, headaches, or more severe symptoms during or following the procedure [4, 5] . Patients are required to lie still on their stomach or side for the duration of the test which may be quite uncomfortable.
Myelography is currently only available at large urban hospitals [41] . This procedure has been all but replaced by MRIs and CT scans. Myelography is commonly only performed when a patient has a factor which restricts them from receiving an MRI or CT scan, such as metal implants, claustrophobia, or device weight restrictions.
The path of the contrast material is tracked through the patient's spinal canal which will indicate where abnormalities exist. Myelography does not provide any specific identification of the abnormalities unless they are visibly determinable from the contrast path. Patient movement may obscure results [42, 43, [46] [47] [48] .
There are significant risks associated with the injection of contrast into the spinal canal [46] [47] [48] . A patient must, during the procedure and subsequently for 8 hours, keep their head elevated above their body to prevent dye from leaking into their head. If the dye does leaks into one's head it has results varying form a headache and nausea to a seizure. The injection site of the needle poses a risk that it may not close properly, potentially allowing spinal fluid to drain out, resulting in the requirement of further procedures to stop the leak. In some cases extremely serious effects such as paralysis or loss of bowel/bladder control may result [4, 5] .
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Myelography is restricted by patients allergies to the contrast agent used. The major restriction, of the myelography procedure, is that myelography only allows the physician to see abnormalities within the spinal canal and nerves roots surrounding this. Myelography does not record with any certainty, abnormalities outside of the spinal canal. This procedure is often avoided for pregnant women due to the risk to the fetus. Myelography may not be an option for patient with structural spinal issues or following certain spinal surgeries due to difficulties in properly injecting the contrast material [4, 5] . 8] . After the procedure the patient is free to leave, and the radioactive isotope should be completely eliminated from ones system via urine within 24 hours [49] . SPECT results are sent to a physician for interpretation.
SPECT. SPECT technology is
This procedure requires gamma camera with an approximate cost of $850,000 [39] .This procedure is performed by a nurse and a technologist. The nurse is able to inject the radioactive tracer intravenously into a patient, and the technician operates the gamma camera. The operational cost encompasses the injection of the technetium-99m and the imaging procedure. Alberta health pays $387.97 for a bone scan [50] .
The SPECT procedure is only minimally invasive with the radioactive tracer being injected intravenously [7, 49] . This tracer does not normally cause patient discomfort. The patient is required to remain still or move according to the technologist's direction during the procedure; these requirements may be uncomfortable for patients.
The first use of SPECT for spinal imaging was published in 1984 [13] . However, this technique has not become common practice. This technique is currently used at the large hospitals [8, 41] .
This technology is able to provide the precise location of a lesion in the vertebral body, arc, or disk space [9, 12, 13] . The SPECT detectors can be obliquely orientated which enables them to be positioned parallel to the anatomical plains and provide a clear view of the anatomical structure [9, 12] . This technique is also able to distinguish between recent and old injuries due to the tracer intensity [7, 51] .
The radiation exposure due to a SPECT scan is due to the radioactive tracer. This tracer causes internal radiation to a person which is approximately equivalent to the external radiation dose received through a chest X-ray [49, 52] . The actual effects of internal radiation are poorly understood. The radioactive tracer also carries risks of vomiting and dizziness.
This procedure is normally avoided for pregnant women due to the unknown risk to the fetus. Breastfeeding women are also recommended not to nurse the children for 36 hours following the procedure [52].
CT Scan.
Through new developments CT scans are becoming increasingly patient friendly. CT scanners are now able to achieve information from a chest exam that previously required 10 separate breath holds of 10 seconds in each one of these breath holds. CT scanners are now able to reconstruct a study of 1,000 images in less than 30 seconds [22] . A CT scan for one spinal section takes between 15-30 minutes to complete [14, 53] . Patients do not require any rest or recovery period prior or following the exam. A radiologist is required to interpret the results.
A CT machine costs approximately $1,000,000 [39] . This procedure is performed in a special room to limit radiation exposure. A technician performs this procedure . This exam costs approximately $360 per spinal section [54, 55] .
The CT procedure does not hurt the patient. However, being required to remain still for the procedural time may be uncomfortable for some patients. CT scans allow some room for slight patient movement before the results will be obscured [14, 56] . Some patients may experience increased anxiety due to the spatial constraints of CT scanners.
CT scans are available in main hospitals in main urban centers and at private clinics [41] .
This technique provides multiple, cross-sectional images of the body [14, 56, 57] . CT scans enable the structure of the vertebrae and the intervertebral disks to be accurately shown.
CT scans expose the patient to large radiation doses. One whole body CT scan results in a radiation dose of 4 to 24 mSv to the patient. This radiation dose varies by a factor of ten dependant on the size of the individual, the equipment used, operating techniques, and procedures followed. To put this radiation dose in perspective, a radiation dose of 10 mSv, the equivalent of 500 chest X-rays, results in a risk of cancer death of 1 in 2000 [22] . The potential benefit of correctly diagnosing a spinal fracture being more significant than this risk is a controversial topic [22, 56, 58] . The separation of patient from medical devices, during the performance of a CT scans in emergency situation, posses a potential risk to the patient [14] .
Pregnant women are advised strongly against having a CT scan. The closed confinement setup of a CT scanner restricts the size of patients and is restricted to claustrophobic patients. Similar to plain radiographs, CT scans only provide valuable information about the bone, not ligaments and intervertebral disks [14] .
SPECT and CT.
SPECT and CT requires the same procedures for SPECT to be performed injection, wait time, and procedural time, plus additional time for the CT scan. The CT scan takes approximately 20 minutes [59] . A radiologist is required to interpret the results.
A SPECT and CT scan system costs approximately $1,400,000 [39] . This procedure is performed in a special room where a nurse performs the intravenous injection of radiotracer and a technician operates the machine.
All the discomforts associated with both SPECT and CT scanning alone are present.
This technique is available at hospitals in large urban areas [41] . The hardware fusion technique provides better comparison of results and improves upon the accuracy of either technique alone [15] [16] [17] [18] .
Risks associated with both CT scans and SPECT are present. A patient receives both internal and external radiation.
This technique encompasses all the restrictions of each individual technique. This fusion overcomes CT restrictions of only clearly demonstrating the bone.
Plain Radiography.
The plain radiography test takes approximately 15 minutes to perform, and patients do not require any rest or recovery period [60] . The efficiency of plain radiography is continually improving, with radiographers being increasingly able to report in accident and emergency settings (12.2% increase in four years). Radiographer's potential to report in clinical settings is being investigated. Radiographers have been shown to have 92.6% sensitivity and 97.7% specificity when compared with radiologist diagnosis [61, 62] . Due to the increase in radiographers reporting the interpretation time for plain radiography is continually decreasing.
Plain radiography equipment is widely available and costs approximately $500,000 [39, 41] . This procedure is required to be performed in a specialized room to block radiation exposure to others. There are also portable forms of plain radiography machines available. This procedure may be performed by a technician alone. Alberta health pays $61.62 per spinal section radiograph [63] .
Patients are required to remain still during the procedure and may be placed in uncomfortable positions.
There are many radiology clinics. All hospitals have the equipment to take these X-rays [41] .
Plain radiography enables physicians to diagnose large spinal abnormalities. However, smaller fractures or other abnormalities, including internal abnormalities, are not distinguishable through this procedure [64, 65] . Patient movement during the exam may obscure the results. In Canada there are established screening guidelines for C-spine radiography use in trauma patients, the Canadian C-spine (cervical spine) Rule (CCR) and the National Emergency XRadiography Utilization Low-Risk Criteria (NLC).Though these guidelines exist it still falls to the attending physician to determine what X-rays should be taken. As well there are no established guidelines for screening the thoracolumbar spine section [66, 67] , which results in thoracolumbar spinal injuries being potentially overlooked in patients with multiple injuries or who are drowsy or intoxicated [64, 65] . A recent study has shown that 8.2% of patients with traumatic injuries to the lumbar spine, due to a blunt trauma or highenergy impact situation, would have been overlooked for a CT scan, based on plain radiography findings, which would have demonstrated this injury [58] .
Plain radiography exposes the patient to minimal ionizing radiation. For a spinal the radiation dose received is equivalent to a few months to year of background radiation exposure. This radiation dose is approximately 0.3 mSv [21, 68] .
Pregnant women are advised against having plain radiography performed. Plain radiographies only provide information about the bone, not ligaments and intervertebral disks [20, 60] .
3.2.7.
MRI. An MRI exam takes approximately 30-45 minutes to perform [53] . Patients do not require any rest or recovery period. The results are sent to a radiologist for interpretation.
The MRI machine costs approximately $2,000,000 [39] . This procedure is performed in its own room to isolate the effects of the equipment and the noise. A technologist performs this procedure. An MR imaging scan of one spinal section costs approximately $660 [69, 70] .
Patients are required to remain still for the duration of this procedure [23] . Spatial constraints may cause patient anxiety. Patients are faced with a loud unpleasant noise produced by the operating equipment.
MRI equipment is available at main hospitals in large urban centers, also in private clinics. MR imaging is slightly less available than CT scans.
Spine MRIs allow the vertebrae and intervertebral disks as well as the spinal cord and other tissues in this area to be investigated [71] . This method of testing enables detections of abnormalities that may have been obscured by bones in other tests. MR imaging is able to detect a bone bruise with no fracture present [23] .
MRI, during emergency procedure, requires the patient to be separated from life-saving . MRI does not use ionizing radiation. The magnetic field generated causes no direct risk to patients. However, the field may cause the failure of implanted medical devices such as a pace maker [23] .
The dimensions of an MRI machine restrict certain body types. This confinement may also affect claustrophobic patients. Patients with metal implants are restricted from receiving such an exam. Pregnant women are advised against having an MRI, although, there is no evidence proving a negative effect on a fetus [23] .
Cineradiography.
Cineradiography is not widely used to evaluate the spine; though DFV is being developed to have a higher use in diagnosing spinal injuries [72] . The procedural time varies according to how many X-rays are to be taken. Patients do not require any rest or recovery period. Results are sent to a radiologist for interpretation.
The fluoroscopy equipment required costs approximately $500,000 [39] . A technician performs this procedure. Alberta health pays $61.97 for fluoroscopy of a joint [73] .
Cineradiography requires the patient to move in order to record the spinal motion for future analysis [74] . This motion may cause discomfort.
Cineradiography is accessible in many hospitals [41] . Cineradiography provides the physician with a kinematic view of the spine. This may allow for the detection of abnormalities in the spine not visible with a stationary Xray [24] . Cineradiography is used to evaluate lumbar motion in flexion and extension and to quantify this data to present normal and abnormal motion [25] [26] [27] [28] [29] [30] . Contradictory results have been presented on deformation patterns shown during flexion [26] [27] [28] . This resulted in the enhancement of fluoroscopic video techniques. Objective spinal motion imaging assessments (OSMIAs) are attempting to attain reliable frame-to-frame registration and objective consistent results in patterns [25] . Also a new more reliable, faster, higherresolution digital fluoroscopic video (DFV) has been developed and is waiting for cross-validation before being clinically implemented. This DFV and distortion-compensated roentgen analysis are able to discriminate between patients with lower back pain and those without [29, 30] . The results observed of this new DFV technique serve as an initial step in utilizing this technique for widespread diagnosis of spinal injuries [30] . Cineradiography utilizes ionizing radiation. The exposure to this radiation varies according to duration of the exam.
Pregnant women are advised against having this. This procedure provides a view of the interaction of spinal vertebrae but does not provide an internal view of these vertebrae, nor does it provide a view of intervertebral disks and ligaments [24, 72] Upright and kinematic machines cost approximately $3,000,000 [39] . These machines are operated by a technologist.
These technologies tend to image a patient in the position that causes their pain [31, 32] , therefore causing the patient pain. These techniques require the patient to stay still for a period of time in specific positions [33] [34] [35] [36] . These imaging devices have the negative noise of a regular MRI.
These technologies are available at major clinics in large urban centers [41] .
These types of imaging improve upon recumbent MR imaging's ability to detect spinal abnormalities. These imaging modalities enable the weight-bearing effects of the spine to be represented [32, [34] [35] [36] . Also abnormalities associated with specific positions can be determined.
These procedures pose the same risks to patients as regular MRI machines.
These new technologies overcome spatial restrictions of traditional MRIs. Though there is no evidence to support negative effect on fetus, pregnant women are advised against having such an exam. These exams are limited in by patient's abilities as it requires a patient to remain in awkward positions for lengthy periods of time.
Discussion
The evaluation of specified diagnostic technologies enabled them to be compared using assessment parameters. The results are shown in Table 3 .
Discography determines which intervertebral disc is causing the patient's pain. This technique is expensive, painful, risky, and not highly accessible.
Myelography provides similar, but not as comprehensive, results as MRI. This technique is highly invasive [46] [47] [48] , time consuming, costly, painful, risky, and not highly accessible.
SPECT provides a cross-sectional imaging comparable to CT and MRI. SPECT is also able to distinguish between old and new injuries. This technique requires significant time to perform and is only accessible in large urban areas.
CT scans are quick and are able to accurately diagnose vertebral abnormalities. CT scans carry high associated risks due to the radiation dose.
Combined SPECT and CT presents views of both the vertebra and soft tissues. This technique carries high radiation doses with high cost and time and is only accessible in large urban centers.
Plain radiography is widely available, quick, and inexpensive. This technology exposes the patient to minimal X-ray radiation. However, the accuracy of this technology is not guaranteed, and the X-rays taken are dependent on physician preferences.
MRI provides a safe and accurate diagnostic method. This procedure is expensive.
The developments currently being made with cineradiography are enhancing its ability to diagnose spinal abnormalities. At its current state, cineradiography is quick and minimally uncomfortable.
Upright and kinematic MRIs improve upon the uses of traditional MRI machines by accounting for weight-bearing 8 Pain Research and Treatment and posture effects. The decreased patient size restrictions and increased range of motion imaging raise the cost; these factors also lower the accessibility.
It should be noted that contrast-enhanced MRI and CT methods, which have the same disadvantages as traditional MRI and CT scans, have been showed to allow for an improved assessment of the variations in tissues which could possibly be attributable to LBP. Contrasted MRI has been shown to be superior to contrasted CT postdiskectomy procedures [75, 76] .
The assessment has presented important factors relating to the use of diagnostic imaging techniques. No single technique is suitable for every situation, and no single technique will be sufficient by itself in all cases. The goal of any health care system should be to diagnose and treat a problem as quickly as possible, and with the least associated cost. All assessed techniques possess strengths and have areas that could be improved.
Conclusion
Improvements could be made to all the existing techniques for diagnosing back pain. This paper has highlighted sufficient and insufficient areas for discography, myelography, single-photon emission computer tomography (SPECT), computer tomography (CT), combined CT and SPECT, magnetic resonance imaging (MRI), upright and kinematic MRI, plain radiography, and cineradiography. This paper will aid health service developers to focus on insufficient areas, which will help to improve existing technologies or even develop alternative ones.
Complications, including neurological ones, can result from missed or mismanaged spinal abnormalities. These complications often result in serious patient injury and require more medical treatment. Correct diagnosis enables more effective, often less costly treatment methods.
